The Intubating Laryngeal Mask Airway (ILMA) was introduced into clinical practice in 1997 following numerous clinical trials involving 1110 patients. The success rate of blind intubation via the device after two attempts is 88% in "routine" cases. Successful intubation in a variety of difficult airway scenarios, including awake intubation, has been described, with the overall success rate in the 377 patients reported being approximately 98%. The use of the ILMA by the novice operator has also been investigated with conflicting reports as to its suitability for emergency intubation in this setting.
The Intubating Laryngeal Mask Airway (ILMA) is an airway device developed through modification of the standard Laryngeal Mask Airway (LMA) 1, 2 . The ILMA was designed to facilitate guided tracheal intubation, particularly in the difficult airway, either as a blind or fibreoptically assisted technique 1, 2 .
Since its introduction to clinical practice in 1997 1, 3 , the ILMA has undergone clinical evaluation trials [3] [4] [5] [6] [7] [8] [9] [10] [11] involving 1110 patients. The use of the ILMA in the known or potentially difficult airway was partially addressed in these initial trials 3, 5, 6 which included 78 such patients. Specific focus on this application occurred in 14 subsequent clinical trials [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and numerous case reports , involving a total of 377 patients.
This review will address other areas of research and clinical reporting such as airway management with the ILMA by the novice or naïve operator; intubation via the ILMA as a blind versus visualized technique; use of the ILMA in the patient with a suspected or known compromised cervical spine; and problems and complications encountered with use of the ILMA.
The articles retrieved for the purpose of this review were found using the search term "intubating laryngeal mask" in the National Library of Medicine (Medline) database and by cross-referencing of articles retrieved. The Medline search results were limited to English language publications. A manual search of the table of contents of major anaesthesia journals for 2000 and 2001 was also undertaken. of a clear Portex 10 mm tracheal tube attached to a Goldman Paediatric dental mask 55 . The potential use of the LMA in difficult airway management was speculated upon in this report and the use of early LMA prototypes in three patients with a difficult airway was reported by Brain in 1985 56 . These cases represent the first reports of difficult airway management using an LMA, with some design modifications required to facilitate intubation through the LMA. In the second case, a modification of the earlier prototype was used. This allowed passage of a 9 mm internal diameter (ID) tracheal tube (TT) and thus guided blind intubation. The modifications of this LMA prototype that created the prototype ILMA, included a shorter, wider and stiffer shaft with a TT guiding ramp to direct a blindly placed TT anteriorly towards the arytenoids 2 .
The first clinical trial of the LMA prototype was reported by Brain and co-workers in 1985 57 . The LMA prototype was successfully used in all 118 patients, who were undergoing a variety of surgical procedures including those within the oral cavity.
Further design impetus for the ILMA then stalled for eight years while design features of the standard LMA were refined. During this time, intubating through a standard laryngeal mask was investigated 58 and the shortcomings of the standard LMA for this purpose became evident 59 . The latter included flexibility of the LMA shaft minimizing the ability to line up the LMA aperture with the glottic structures, a small internal diameter of the LMA shaft such that the largest TT that could pass was a 6.0 mm ID tube, and a long shaft length that did not allow the cuff of the TT to pass beyond the vocal cords.
An improved version of the prototype ILMA was reported in 1995 60 and 1997 61 after experience of its use in 100 patients. Blind ILMA-guided tracheal intubation was successful in 93 patients overall and in 72 at the first attempt.
Design features of the ILMA include manufacture with latex-free materials, a short stainless steel shaft with anatomically considered curves allowing alignment of the mask with the glottic opening, a metal handle aiding insertion and manipulation of the mask in situ to optimize position, a V-shaped guiding ramp to guide a TT toward the glottic opening and the epiglottic elevating bar to displace the epiglottis anteriorly as the TT emerges from the mask aperture [1] [2] [3] (Figure 1 ). The sizes available are size 3 for small adults (generally <50 kg); size 4 for normal females (50 to 70 kg) and size 5 for normal males and large females (>70 kg).
The success of intubation through the ILMA is not solely due to the design of the ILMA, as a specifically designed TT is also recommended by the manufacturer 62 . The specific design features of the Intubating Laryngeal Mask Tracheal Tube (ILM-TT) include a soft flexible design to allow negotiation of the ILM-TT around the anatomical curves of the airway without retaining the curvature of the metal shaft, silicone (latex-free) material to allow human tissue compatibility and sterilization for reuse and a tip shape that prevents the ILM-TT from impinging on periglottic structures 1,2,60 ( Figure 2 ). The ILM-TT is available in 7.0, 7.5 and 8.0 mm internal diameter, with all three sizes of ILMA able to accommodate all three sizes of ILM-TT. The ILMA and its associated ILM-TT have been in commercial release for over three years and the task remains to define its clinical role.
Clinical Evaluation of the ILMA and ILM-TT ILMA
Nine clinical studies [3] [4] [5] [6] [7] [8] [9] [10] [11] have evaluated the ILMA as an aid to blind intubation, with data collected including overall intubation success rate, number of intubation attempts and success rate of various attempts, and the success of ILMA insertion ( Table 1) .
The overall rate of successful intubation among the 1110 patients studied in these nine trials was 95.7%. Success rates at the first and second attempts were 66% and 22% respectively. In two reports, the position of the ILMA was checked prior to blind intubation by an independent observer using either a lighted stylet 5 or fibreoptic scope 7 .
Vlymen et al 11 studied the use of muscle relaxants in association with blind intubation via the ILMA and found that the success rate of intubation was independent of muscle relaxation.
Agro et al 5 studied 110 patients, in whom successful ventilation following ILMA insertion was achieved in 104 (95%) patients, all 104 patients being intubated. The intubation success rate was reported as 100%, but this review has recalculated the intubation success rates and has used these recalculated figures to derive the combined success rates of all seven reports (Table 1) .
Three reports included analysis of a subgroup of patients with known or suspected intubation difficulties 3, 5, 6 . Of the 78 patients identified, 76 (97.4%) were successfully intubated. It is not possible to subgroup these figures into success rate on first and second attempt, because the report by Baskett et al 6 with 59 patients does not include this data.
Baskett et al 6 suggest that a learning curve of 20 ILMA insertions and intubations are required before proficiency with the device and high intubation success rates can be reasonably assured. This was based on the observation that 17 of the 19 failures to intubate occurred within the first 20 attempts of the individual investigators. The data from Chan et al 4 supports this conclusion, in that the three failures to intubate happened within the first 20 attempts of two investigators.
Harry and Nolan 8 evaluated the ILMA with the use of cricoid pressure compared with a control group (no cricoid pressure). Their control group data are included in the analysis above. The intubation success rate (control group 86%) was significantly reduced by the application of cricoid pressure (52%).
The methodologies of these studies described various adjusting manoeuvres to improve the success of blind intubation via the ILMA. Some of these manoeuvres included 3 an up-down manoeuvre, where the ILMA is partially withdrawn and then reinserted with the mask fully inflated, thus releasing a presumably down-folded epiglottis, changing the size of the ILMA (usually up), and partial withdrawal of the ILMA. No study specifically validated the benefits of the individual manoeuvres. Keller et al 64 found that handle elevation does not improve the fibreoptic view and presumably should not impact on the success of blind intubation via the ILMA.
Weiss et al 65 evaluated the use of a size 3 ILMA in 80 children of more than 25 kg body weight, achieving an overall intubation success rate of 99%. The blind intubation success rate at first attempt of 66% is consistent with the adult data, but as additional attempts were made under fibreoptic control, direct comparison is not possible.
ILM-TT
The current form of the ILM-TT and the rationale for its design has been described by Brain et al 1 . Initial bench testing demonstrated the importance of a 30° angle that the emerging TT makes with the ILMA, such that it accurately approaches the laryngeal inlet (Figure 1 ). A soft flexible reinforced tube design was chosen for this reason.
Joo and Rose demonstrated that a curved, polyvinyl chloride tracheal tube (PVC-TT), could emerge from the ILMA close to this ideal 30° angle if inserted with its curve rotated through 180° (around its long axis) in relation to the curvature of the ILMA 28 .
Lu et al found that the overall success rate of using a PVC-TT does not significantly change with reversing the curvature of the tube (96.7% with the curve in the "normal" position and 94.2% in the "reverse" position) 63 . Reversal of TT position did result in a higher intubation success rate on the first attempt (75% in the "normal" position versus 86.7% in the "reverse" position). It is noteworthy that five of the nine studies in the previous section [3] [4] [5] [6] 9 reported use of a soft silicone TT and their first attempt intubation success rate was lower (66.3%). Only Baskett et al 6 specified use of an ILM-TT. The major difference between the ILM-TT and a silicone TT is the shape of the bevel (Figure 2 ). The Tuohy needle shaped tip of the ILM-TT is designed to prevent it impinging upon 9 compared the ILM-TT to a silicone reinforced tube with a conventional bevel and intubation success rates were the same (97%). However, intubation success rate on the first attempt was significantly better with the ILM-TT (85% versus 62%). This rate with the ILM-TT compares favourably with the results of Basket et al 6 (79.8%). Lucas and Yentis 66 compared intubation times with the ILM-TT to a standard TT for fibreoptic intubation. The ILM-TT passed from teeth to successful placement in 1.5 seconds compared to 5 seconds for the standard TT. The standard TT required one or two adjusting manoeuvres on 13 of 28 patients, compared to none in the ILM-TT group. The authors concluded that the ILM-TT is less likely to impinge upon periglottic structures due to its design features of a tapered tip and soft flexible silicone material.
Riley et al 67 and Wiesel and Warm 68 independently reported the characteristics of the cuff of the ILM-TT as being of a low volume and high pressure design. This information is not provided in the product labelling 62, 68 . Wiesel and Warm advise that if long-term intubation is required, the ILM-TT be avoided.
The Naïve Operator
The use of the standard LMA for the emergency management of the airway by inexperienced personnel has been extensively investigated [69] [70] [71] [72] . Similarly, the ILMA has undergone investigation for emergency airway management 73, 74 .
Levitan et al 73 compared the ability of health care providers to successfully intubate a manikin using the ILMA, prior to and following a 60 second demonstration of its use. The success rate prior to training (overall 59%) correlated with previous intubation experience and use of the LMA. Following the demonstration, the overall success rate improved to 97%. The reliance on a manikin model limits the applicability of this study and the authors appropriately suggested that use of the ILMA by first responders, paramedical and others with limited laryngoscopy skills be further investigated.
Avidan et al 75 investigated the ability of inexperienced personnel to intubate via direct laryngoscopy and compared this with their ability to intubate via the ILMA. Success rates with the ILMA (41%) were similar to direct laryngoscopy (35%). Success rate for insertion and ventilation via the ILMA was 98%. A pilot arm of the study investigated success using a manikin, rather than patients under anaesthesia, and reported an intubation rate via the ILMA similar to Levitan's study 73 , namely 98%. Based on their results, the investigators did not support the use of the ILMA to achieve tracheal intubation by inexperienced personnel. They did, however, recommend its use as a ventilatory device in the emergency setting, while advising that a comparison with the standard LMA is required.
Choyce et al provided this comparison in a cadaver model 76 and in anaesthetized patients 77 . The ability of inexperienced health care providers to establish an airway and provide adequate ventilation with an LMA was compared to their ability to insert an ILMA, and adequately ventilate through it. In cadavers 76 , the ILMA was inserted 3.5 seconds faster than the LMA and adequate ventilation was achieved on the first attempt more frequently with the ILMA (92%) than with the LMA (76%). In anaesthetized patients 77 there was no difference in insertion time, but "good" rather than "adequate" ventilation (as indicated by the presence of an audible air leak) was more frequently achieved with the ILMA (77%) than the LMA (56%).
Dimitriou and Voyagis 74 studied the success of intubation via the ILMA by nursing staff, using an illuminated flexible catheter as a guide. Overall intubation success rate among 60 patients was 95%, with a first attempt success rate of 63%. The investigators concluded that the ILMA, when used in conjunction with the illuminated flexible catheter, is an appropriate device for tracheal intubation by inexperienced personnel.
Significant methodological differences make it difficult to compare the results of Dimitriou and Voyagis with those of Avidan et al 78, 79 . Dimitriou and Voyagis provided six nurses with an intensive two-hour training program in the use of the ILMA and flexible illuminated catheter, including ten ILMA insertions and intubations on manikins. The nurses were then exposed to ten study patients and by completion of the study had completed the 20-attempt learning curve suggested by Baskett et al 6 . Consequently, it may be considered they were no longer novices for the technique.
Blind versus Visualizing Techniques: Fibreoptics and Lightwands
Although recognised as a useful addition to the airway management armamentarium, blind intubation via the ILMA has been criticised for being a blind on blind technique 74, 80 , associated with a risk of oesophageal intubation of 5% 80 . Two methods of visualization have been investigated: use of a bronchoscope 21, 65, 81, 82 and tracheal transillumination, using either a light-wand [83] [84] [85] [86] [87] or flexible illuminated catheter 24, 38, 47, 74, 88, 90 .
Correct use of the fibreoptic bronchoscope requires insertion of the ILMA; insertion of a lubricated ILM-TT as far as the transverse marker (indicating that the tip of the ILM-TT is resting inside the epiglottic elevating bar); advancement of the ILM-TT a further 1.5 cm to lift the bar; insertion of the bronchoscope so as to visualize the tip of the ILM-TT and thus the periglottic structures; and advancement of the ILM-TT without advancing the bronchoscope. The bronchoscope is not used as a guide for the ILM-TT, but rather to confirm correct placement of the ILMA and to observe the correct passage of the ILM-TT 2,91 .
Joo and Rose 81 compared the success of intubation via the ILMA, with and without fibreoptic guidance, in a randomized controlled trial. Both blind and fibreoptic techniques compared favourably to direct laryngoscopy. Joo et al 21 , in a report comparing intubation via the ILMA with awake fibreoptic intubation in patients with predicted difficult airways, used fibreoptic guidance as a rescue in the ILMA arm of the study to successfully intubate ten patients for whom the first blind intubation attempt failed (50% success rate). An important finding was that five of these ten patients could be intubated with fibreoptic guidance without adjusting manoeuvres of the ILMA. The remaining five patients needed up to two further attempts before fibreoptic-guided intubation via the ILMA was successful.
Use of fibreoptic guidance as a rescue was also described in a group of 80 paediatric patients of more than 25 kg body weight 65 . Twenty-seven children required fibreoptic guidance after an initial failed blind intubation attempt. This approach had a success rate of 96% and the authors concluded that fibreoptic guidance improves safety and success.
Asai et al 82 studied the use of the ILMA as a conduit for the bronchoscope. They compared fibreoptic intubation with and without the ILMA. They reported that the use of the ILMA for patients requiring manual in-line stabilization of the neck improved the success rate of bronchoscopic intubation from 40% to 95%. In patients whose head and neck were placed in the neutral position, the use of the ILMA did not improve bronchoscopic intubation success rate.
The use of the ILMA as a conduit for the bronchoscope has been compared to the LMA and flexible LMA (FLMA) 92, 93 . In both reports, better fibreoptic views of the glottic structures were achieved with the LMA 92, 93 and FLMA 92 than with the ILMA.
Asai et al 83 and Niijima et al 84 used a lighted stylet to effect tracheal transillumination, thus assisting with identification of causes of resistance to passage of a TT via the ILMA. The authors of these anecdotal reports suggest that intubation via the ILMA can be facilitated by the use of a lighted stylet.
Kihara et al 85 and Chan et al 86 , in a randomized controlled trial, compared blind intubation with lightwand-guided intubation, via the ILMA. Both studies report a similar success rate, with the time to intubation faster, the number of ILMA adjusting manoeuvres lower and the incidence of oesophageal intubation lower in the lightwand-guided group.
Fan et al 87 performed a randomized prospective trial in 172 patients with normal airways. Tracheal transillumination via lightwand achieved statistically and clinically significantly better overall intubation success rate (95%) than blind intubation (76%). Success at the first attempt was also significantly better in the lightwand group (93%) than in the blind intubation group (58%).
Dimitriou and Voyagis 88,89 used a flexible illuminated catheter to aid intubation via the ILMA. In the final randomized, cross-over study 89 , 100 patients were intubated using both techniques, a different investigator being randomly allocated to one of the two methods for each patient. The success rate for blind intubation of 91% was significantly lower than the 100% success rate for the light-guided technique.
Dimitriou and Voyagis 24 also describe their experience in 400 patients undergoing intubation via the ILMA aided by tracheal transillumination using a flexible illuminated catheter. Ninety-six per cent were successfully intubated at the first attempt, with an overall intubation success rate (allowing up to five attempts) of 99.8%.
Three case reports 38, 47, 90 also describe possible advantages of tracheal transillumination. In one case, resistance to a blindly placed TT occurred, which would normally indicate incorrect placement; however, the presence of a midline glow at the level of the suprasternal notch suggested (correctly) intratracheal placement. A smaller tube was used without any resistance and a tracheal stenosis was confirmed postoperatively. Dimitriou et al describe a case of failed laryngoscopic intubation 38 and two patients with difficult airways lying in the lateral position 47 that were successfully managed with the ILMA and a flexible illuminated catheter.
ILMA and Difficult Airway Management
Management of the difficult airway was the underlying imperative driving the development of the ILMA 1,2 . Fourteen studies [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and 29 case reports have focused on 377 patients in whom the airway was predicted or known to be difficult. The initial ILMA validation studies identified a subgroup of 78 patients with either a predicted or known difficult airway. Of these, 76 (97.4%) were successfully intubated via the ILMA within three attempts ( Table 1 ). The nature of the airway difficulties included: modified Mallampati scores of 3 or 4; previous history of difficulty; poor view on direct laryngoscopy; limited neck movement; obesity and failed mask ventilation. Brain et al 3 identified 13 such patients among 150 and found that first attempt intubation rate was higher in patients with known or predicted difficulty (77%), than in those without difficult airways (47%) ( Table 1) .
Five controlled trials 15, 18, [20] [21] [22] and nine descriptive studies [12] [13] [14] 16, 17, 19, [23] [24] [25] have examined ILMA use in 332 patients with known or predicted difficult airways. The overall intubation rate in these 14 studies was 92% (307 patients) with a first attempt success rate of 67% (223 patients). A summary of these 14 reports appears in Table 2 .
Although these reports offer valuable insight into the successful use of the ILMA in the difficult airway scenario, weaknesses exist. The lack of control groups in nine of these reports makes it difficult to compare the success rate of intubation via the ILMA in this setting with other established techniques. Although the nature of airway difficulty varies between and within the reports, a bias favours cervical spine pathology as the nature of airway difficulty. Seven of the reports [14] [15] [16] [17] 19, 23, 25 focus exclusively on cervical spine pathology (either real or modelled) and involve 138 patients. Including the remaining seven reports, the total number of patients with identified cervical spine pathology increases to 172. Difficulty in airway management was not established definitively in many of the 332 patients. Difficult intubation was predicted on the basis of cervical spine immobility in 172 patients and other predictive signs employed included poor Mallampati score (3 or 4), small thyromental distance, scarring and previous airway surgery, and distorted airway anatomy and conditions associated with difficult intubation (e.g. acromegaly and pregnancy). Many patients had more than one predictive sign, thus increasing the likelihood of, but not definitely establishing, difficulty. Only 23 patients in four reports 12, 13, 21, 23 had a past history of failed or difficult intubation.
Four reports were prospective, randomized controlled trials comparing intubation via the ILMA with other intubation techniques 15, [20] [21] [22] . Asai et al 15 compared intubation via the ILMA with fibreoptic guidance (n=20) to intubation with a Macintosh laryngoscope and gum elastic bougie (n=20). The difficult airway model employed involved manual in-line stabilization of the head and neck, applied to simulate cervical spine trauma or disease. A single attempt at intubation within 120 seconds was allowed and the ILMA group had a clinically important, as well as statistically significant, higher success rate of intubation (85%) compared with the laryngoscopy group (45%).
The other three randomized controlled studies compared intubation via the ILMA to the fibreoptic bronchoscope. Dhar et al 20 compared awake blind intubation via the ILMA (n=31) to awake fibreoptic intubation via the Ovassapian airway (n=23). Intubation success rates of the two groups were similar, but the ILMA group had significant faster intubation times.
Joo et al 21 compared intubation via the ILMA (blind on first attempt and fibreoptic guided on subsequent attempts) in anaesthetized patients (n=20) to awake fibreoptic intubation (n=18). Both groups had 100% success rate, with the ILMA group demonstrating faster induction to intubation times. The latter included time for topicalisation in the awake fibreoptic group.
Langeron et al 22 also found similar success rates when comparing blind intubation via the ILMA (n=51) to fibreoptic intubation (n=49) in anaesthetized patients. Intubation times were similar, but the ILMA group experienced fewer episodes of desaturation and other respiratory complications (n=0) compared to the fibreoptic group (n=8).
Awake bronchoscopic intubation is a wellestablished technique for dealing with the known or potentially difficult airway. An awake technique can likewise be applied to the ILMA. Three reports involving 66 patients describe awake intubation via the ILMA when intubation was known or predicted to be difficult 12, 19, 20 . The success rate in this subgroup was 92%, with first attempt success in 86%. In the study by Shung et al 12 There is only one report detailing failure of the ILMA in the difficult airway 16 . The use of the ILMA in a simulated trauma was abandoned after 10 patients due to the poor success rates of intubation, with only three patients successfully intubated. These patients were placed in a hard collar and had cricoid pressure applied, leading the authors to conclude that the use of the ILMA cannot be recommended in patients wearing semi-rigid collars. This recommendation is difficult to accept given the other information available. The use of cricoid pressure has previously been demonstrated to reduce the success of intubation via the ILMA 8 . The role of bronchoscopic guidance, although of equivocal benefit in previous studies 73 , may have improved the success rate in this patient model 14 .
The 29 case reports, totalling 44 patients, present an eclectic group of difficult airway scenarios and management solutions ( Table 3 ). Although reporting bias needs to be taken into account, valuable insights can be gained from the information these reports contain.
Twenty-six of the 44 (59%) patients represented in these reports acted as their own controls, either when the report was generated or historically (previous history of intubation failure). This is in contrast to the studies above, where only 23 patients of 332 (7%) acted as their own control and only 141 patients within five reports (42% of all patients involved in all 14 studies) were compared with control groups (Table 4 ).
Guided intubation, both fibreoptic (n=20) and tracheal transillumination (n=4), were also the subject of case reports. It is not possible to draw any conclusions regarding the success rate of guided intubation compared to blind intubation (n=19) due to the small numbers and the nature of the reports.
Overall success rate for the case reports was 89%, with 68% of patients intubated at the first attempt. An intubation failure rate of 11% compares favourably with that reported in the studies (8%). These figures suggest that although reporting bias should be considered when assessing the case reports, the effect is probably not dramatic.
Five failures to intubate were recorded 39, 40, 45, 46, 54 . Asai et al 39 described a case of lingual tonsillar hypertrophy causing difficult ventilation via the ILMA and obstruction to passage of the TT-bronchoscope combination. Preis et al 40 were unable to pass the ILMA beyond the patient's teeth. The patient had an interdental gap of 24.5 mm and the normal widest point of the ILMA is reported to be 20 mm 1 . The authors of this case report measured the two ILMAs in question and found the widest point to be 26.2 mm and 28.3 mm in the size 4 and size 5 mask respectively. The failure to intubate via the ILMA in the report by Wakeling et al 45 was, by the authors' admission, partly a failure of technique. Martell et al 46 attempted both blind and fibreoptic-guided intubation via the ILMA before resorting to a retrograde wire as an airway rescue technique. Asai and Shingu 54 were able to can-nulate the trachea with a bronchoscope via the ILMA but could not pass a standard bevelled reinforced TT tube past the glottic aperture.
Awake intubation via the ILMA was well described in a number of the reports 26, 30, 34, 36, 48, [52] [53] [54] and involved 12 patients (Tables 3 and 4 ). Rapid sequence induction and intubation with a successful outcome was also described in two patients 35 .
Airway management in the context of cervical spine pathology warrants separate consideration. It is not always the airway itself that presents a difficulty, but rather the self-imposed restrictions on airway and neck manipulation that may create potential difficulty. Airway management intervention in this context must also be demonstrated to impose minimal cervical vertebral movement in the unstable or potentially unstable spine.
The evidence presented earlier suggests that the ILMA can be successfully used to establish an airway when patients' cervical spines are immobilized either by disease or manual in-line stabilization. The ILMA may be easier to place than the standard LMA when manual in-line stabilization is applied 94 . The one dissenting report 16 claimed that the presence of a semirigid collar and application of cricoid pressure is not compatible with successful insertion of or intubation through the ILMA.
Use of the ILMA in the unstable cervical spine has also been investigated in a cadaver model 95, 96 . Keller et al 95 reported pressures imposed upon cervical vertebrae in excess of 230 cmH 2 O during ILMA insertion. Manipulation of the ILMA to optimize its position for ventilation and intubation produces even greater pressure. Once inserted, the ILMA continues to exert pressure on the cervical vertebrae from 87 to 103 cmH 2 O, depending on the ILMA cuff volume. The bulkiness of the ILMA and the rigidity of the stainless steel shaft presumably contribute to these pressures.
Brimacombe et al 96 used fluoroscopy to examine cervical spine movement in destabilized vertebrae in a cadaver model. Various methods of airway management were examined, with intubation via an ILMA producing a maximal posterior displacement of 1.7 mm. Limitations of this study include, a single level of destabilization (different movements may well occur at different levels), unknown clinical implications of the movement detected and a lack of comparison with no manual in-line stabilization. Nevertheless, use of the ILMA compared favourably with other airway management strategies investigated, except for fibreoptic-guided nasal intubation, which did not produce significant cervical spine 560 G. CAPONAS 41 1999 Patient 1: Pt with limited neck movement. Insertion of ILMA post-induction with blind intubation meeting some resistance but successful on 1st attempt. Prior to extubation epiglottis noted to be down folded and mildly oedematous. Pt complained of sore throat otherwise uneventful recovery. Branthwaite 42 1999 Patient 1: ILMA used electively with no prediction of difficulty. Post induction, difficult insertion of ILMA and blind intubation via ILMA finally successful following 5 attempts. Oesophageal intubation suspected on failures. Oesophageal perforation noted postoperatively and pt died of complications 9 weeks later. Patient 1: 65 yo male with unexpected failed intubation for elective laparotomy. Successful ventilation via ILMA 2 "failed" attempts at blind intubation (ILM-TT noted to be obstructed by indentation at level of cuff), followed by successful fibreoptic guided intubation. 99 compared upper cervical spine movement during direct laryngoscopy (no manual in-line stabilization applied) to upper cervical spine motion during intubation via the ILMA. The angle of cervical spine extension around C1/2 was less during intubation via the ILMA than with direct laryngoscopy, but there was no difference in extension around C2/3. The authors made no comment on the clinical implication of these movements.
Problems and Complications associated with the ILMA
Some case reports have highlighted potential problems with the ILMA. The use of a blind technique to secure the airway permits oesophageal intubation, with an accidental intubation rate of 5% 80 . The death of a patient following medium term complications of oesophageal perforation is a cause for concern 42 . The details of the case are controversial [100] [101] [102] [103] [104] [105] [106] . The possible presence of an oesophageal pouch may have increased the risk of perforation 100 and certainly a high oesophageal pouch may be a relative contraindication to blind intubation via the ILMA.
Damage to other pharyngolaryngeal structures is another potential problem of blind intubation via the ILMA. Takenaka et al 41 reported a case of epiglottic oedema as a consequence of down-folding of the epiglottis during blind intubation. The patient was extubated uneventfully, but complained of a moderately sore throat.
The mechanism of sore throat consequent to placement of the ILMA has been investigated by Keller and Brimacombe 107 . Pharyngeal mucosal pressures were measured in six different locations using silicone microchip pressure sensors. In most of the sensor locations, pressure exerted by the ILMA on the pharyngeal mucosa exceeded the presumed mucosal capillary perfusion pressure (40 cmH 2 O) many times. The highest pressure noted was 169 cmH 2 O in the distal oropharynx, and corresponded with the silicone coated steel airway tube resting against the posterior oropharynx over the cervical vertebrae 108 . The pressures exerted there are unrelated to intra-cuff pressure and the authors' recommendation to remove the ILMA post intubation should be noted.
The incidence of sore throat associated with the ILMA is difficult to assess. Shung et al 12 intubated the tracheas of 15 awake patients with suspected difficult airway and reported a 67% incidence, three cases (20% overall) being described as severe. In addition, half the patients complained of hoarseness. The reasons for the high incidence of sore throat in this report may be related to the use of an awake technique. The authors made no note as to whether or not the ILMA was removed post-intubation, so if it remained in situ this may also have contributed.
Kihara et al 109 reported the incidence of sore throat with the ILMA alone, when left in situ for the duration of the procedure (one to two hours). At two 563 ILMA REVIEW Anaesthesia and Intensive Care, Vol. 30, No. 5, October 2002 hours postoperatively the incidence was 44%; at 24 h 34% and at 48 h 34%. This incidence was compared with that from the standard LMA and a statistically and clinically significant increase observed with the ILMA. In another report, Kihara et al 10 found no significant difference in the incidence of sore throat after intubation via the ILMA (ILMA removed post intubation) or intubation via direct laryngoscopy. Damage to the ILMA apparatus during use is not unknown. King et al 44 reported damage to the reinforced ILM-TT and a subsequent circuit leak as a consequence of the patient biting the ILM-TT. Mesa and Miguel 50 also described indentation of the reinforced ILM-TT, hidden by the cuff of the TT, leading to failure to ventilate a patient post intubation. The avulsion of the pilot tube from the ILM-TT, possibly due to a poor fit of the 8.0 mm ID ILM-TT as it passed through the ILMA, has also been described 110 .
The haemodynamic consequences of intubation via the ILMA were reported in four studies 6, 19, 81, 87 and specifically investigated in two others 10, 111 . Baskett et al 6 recorded haemodynamic data during ILMA insertion and blind intubation in 409 of 500 patients investigated. An increase in heart rate (HR) of the order of three to four beats per minute and of mean arterial pressure (MAP) from 80 mmHg to 89 mmHg during ILMA insertion and blind intubation was statistically significant, but of little clinical significance. There was no change in MAP on ILMA removal.
Asai and Shingu 19 intubated the tracheas of 20 awake patients via the ILMA. Insertion of the ILMA resulted in minimal haemodynamic change, whilst the significant increases in MAP and HR that occurred during intubation were not of great clinical importance. Similar findings were reported by Fan et al 87 with approximately 10% rises in MAP and HR on intubation, with and without of the use of tracheal transillumination.
Joo and Rose 81 compared blind and fibreopticguided intubation via the ILMA to direct laryngoscopy. Although detailed haemodynamic data were not reported, both ILMA intubation techniques produced a lesser rise of MAP than direct laryngoscopy.
Kihara et al 10 compared responses to blind intubation via the ILMA with those after direct laryngoscopy and found similar haemodynamic changes.
Kihara et al 111 examined the haemodynamic response to ILMA insertion/intubation and in addition, ILMA removal. A 15 to 30% increase in HR and MAP on ILMA insertion and immediate intubation was noted compared to pre-insertion values. There were no changes of MAP and HR when compared to pre-induction values. The effects were greater if more than one insertion/intubation attempt was required. Removal of the ILMA produced small increases in MAP and HR, although the effect was partially dependent on the timing of removal, with removal one to two minutes after intubation producing more pronounced effect than removal three minutes post intubation.
CONCLUSION
The ILMA represents a significant design improvement over the standard LMA as far as guided intubation through either device is concerned. The shorter, rigid, wider shaft of the ILMA allows a blindly placed TT to approach and enter the laryngeal inlet with a higher degree of success and also permits easier removal of the laryngeal mask. Design features of the ILM-TT, such as its bevelled tip and straight flexible material, also contribute to the improvement over intubation via the standard LMA.
Multiple validation studies consistently demonstrate high success rates of blind intubation via the ILMA, in the order of 96%. When interpreting success rates of intubation via the ILMA, the number of attempts required to achieve success is a clinically significant factor. The combined results of seven clinical trials show that 88% of patients are intubated by the second attempt, although in one study up to five attempts were recorded 4 . The application of cricoid pressure further reduces the success rate of blind intubation through the device 8 . The learning curve of 20 ILMA insertions and blind intubations, as suggested by Baskett et al 6 , remains to be independently validated.
The adjusting manoeuvres required to achieve successful blind intubation, although mentioned in the methodologies of various studies, have not been independently studied to assess their individual benefits in any meaningful way.
Only one report 65 evaluates the use of the ILMA in a paediatric population and thus accumulated data cannot be reported. Although the initial data suggests that success rates are comparable to the adult population, more investigation is required to reach a worthwhile conclusion as to its suitability for paediatric airway intervention.
The ILM-TT does have some design advantages over standard and flexible reinforced TTs, although the clinical benefits have not been demonstrated conclusively. The principal advantage of the ILM-TT seems to be its conical tip, which results in easier and faster passage between the vocal cords compared with its bevelled counterparts 66 .
Curved PVC tubes are able to negotiate the curves of the ILMA and protrude from its aperture at an appropriate angle to enter the larynx when the curve of the PVC-TT is oriented opposite to the curve of the stem of the ILMA 63 . Consequently, the soft flexible design advantage of the ILM-TT is lessened in comparisons performed during blind intubation via the ILMA. During bronchoscopic guided intubation, a soft flexible design TT compared with a curved PVC-TT remains to be investigated, but speculation would suggest that the use of a bronchoscope would further reduce the advantage of the ILM-TT, apart from its conical tip.
Long-term intubation with the ILM-TT is discouraged, because the cuff characteristics of low volume and high pressure may result in patient morbidity 68 . Furthermore, the smaller aperture of the conical tip may be more prone to obstruction by mucous secretions if long-term intubation is contemplated.
The use of the ILMA by the naïve operator to facilitate tracheal intubation remains controversial, with benefits not clearly demonstrated in legitimate clinical settings. The study by Dimitriou and Voyagis 74 can be criticised in that the study protocol required such an intensive training program, that the "nurse novices" evaluated could almost be reclassified as skilled operators. The study by Avidan et al 75 demonstrated a clinically significant failure of novices to achieve high rates of success of blind intubation via the ILMA in anaesthetized patients. These authors also demonstrated the inadequacy of intubation manikins to accurately reflect the clinical scenario. Thus, the success reported by Levitan et al 73 in intubating manikins may not represent a valid model.
The benefits of using a bronchoscope when intubating via the ILMA are not clear. Patel and Bailey 91 advocated this approach over blind intubation in cases of distorted airway anatomy. The fatality due to delayed complications of oesophageal perforation, following a blind placement of an ILM-TT 104 , highlights the inherent, albeit rare, risks of a blind intubation technique, especially in patients with unknown pharyngo-oesophageal pathology. A 5% incidence of accidental oesophageal intubation after blind placement of a tracheal tube via the ILMA has been estimated 80 . Only one randomized control trial comparing intubation through the ILMA, with and without fibreoptic guidance, has been published 81 . Both blind and fibreoptic techniques compared favourably with direct laryngoscopy for successful intubation. Conversely, the use of the ILMA may improve the success of bronchoscopic intubation of patients with manual in-line stabilization 82 , although the LMA may be a better conduit than the ILMA 92, 93 .
Proponents of tracheal transillumination claim this technique confers benefits over blind intubation by improving intubation success rates 24, 47, 85, 87, 90 . However, of three randomized trials, only one clearly demonstrated a significant improvement 87 . The high success rate achieved during clinical experience in 400 patients 24 adds weight to this opinion.
The use of visualizing aids probably improves intubation success rate and may lead to faster intubation times. Although improved safety remains unquantified, oesophageal intubation and subsequent gastric insufflation appear less likely. Ferson et al 2 recommended that a bronchoscope be available, particularly while experience is being gained with the ILMA. This advice is also applicable to tracheal transillumination for practitioners familiar with the technique.
The use of the ILMA for the patient with a difficult airway is difficult to study, but prospective randomized trials have been performed. The ILMA has been used in many confirmed difficult airway scenarios, although the nature of reporting is largely anecdotal. Case reports, including failures of the technique in difficult airway scenarios, allay some concerns of reporting bias given reported intubation success rates of 90%. The prospective trials describe similar success rates, although potential biases of a different nature include limited use of controls, predicted rather than known airway difficulty, and simulated difficult airway scenarios.
Despite these limitations, valuable lessons can be learned from case reports. The ability to intubate an awake patient via the ILMA is well described, as are many different scenarios where the ILMA was the decisive factor in establishing airway control. The high failure rate in one study 16 confirms the difficulty of intubation via the ILMA when cricoid pressure is applied 8 .
Some words of caution are also warranted. The use of the ILMA in the unstable cervical spine, although offering a reasonable expectation of successful intubation, may produce undesirable cervical spine movement 96 . This area awaits further investigation.
Intubation via the ILMA is not without morbidity, including oesophageal perforation 42 , epiglottic oedema 41 and sore throat 12 . The practice of leaving the ILMA in situ for the duration of the procedure may be the primary cause of an increased incidence of sore throat [107] [108] [109] and removal after intubation is recommended 109 . Haemodynamic responses to intubation via the ILMA seem of limited clinical significance. The changes may be less than those during direct laryngoscopy, although the limited data are conflicting 10, 81 . It is difficult to place potential complications into context, because the incidence of sore throat is poorly documented. Reports concerning one serious complication (death following oesophageal perforation) and one potentially serious complication (epiglottic oedema) are both subject to reporting bias and the absence of a reliable denominator renders it impossible to calculate a reliable incidence of risk.
The ILMA is a valuable addition to the airway management armamentarium. With a success rate of intubation of 88% after two attempts, the ILMA is not a satisfactory replacement for intubation via direct laryngoscopy in "routine" cases. As a means of airway maintenance, although easier to insert than a standard LMA, prolonged placement can result in pharyngeal morbidity. The ILMA requires less effort to master than bronchoscopy and has been a valuable airway rescue device and intubating aid in a variety of clinical scenarios.
Intubation of the difficult airway via the ILMA has been compared with established approaches to difficult airway management. Although not superior, the success rate of intubation via the ILMA compares favourably with fibreoptic intubation and has the potential for a faster intubation time. Given proven success in a variety of difficult airway scenarios and a proposed learning curve of approximately 20 intubations, it is a valuable technique to master and should form part of the training and core skill base of anaesthetists.
